Simulated rainfall was used to study infiltration rates and sediment production of28 plant communities and soils of five watershed areas in central and eastern Nevada. Two antecedent moisture conditions were used: soil initially air dry and initially at field capacity. InfiltratIOn rates and sediment production of the various soils are largely controlled by extent and surface morphology of dune interspace soils. Vesicular horizons are unstable in dune interspace surface soils. These horizons seldom occur in coppice dunes or in well-aggregated dune interspace soils. Infiltration rate is negatively related, and sediment production positively related to the occurrence and morphology of vesicular horizons. More sediment is produced from soils with antecedent moisture initially at field capacity than from'initially dry soil because of the instability of vesicular horizons when the soils were saturated.
Simulated rainfall was used to study infiltration rates and sediment production of28 plant communities and soils of five watershed areas in central and eastern Nevada. Two antecedent moisture conditions were used: soil initially air dry and initially at field capacity. InfiltratIOn rates and sediment production of the various soils are largely controlled by extent and surface morphology of dune interspace soils. Vesicular horizons are unstable in dune interspace surface soils. These horizons seldom occur in coppice dunes or in well-aggregated dune interspace soils. Infiltration rate is negatively related, and sediment production positively related to the occurrence and morphology of vesicular horizons. More sediment is produced from soils with antecedent moisture initially at field capacity than from'initially dry soil because of the instability of vesicular horizons when the soils were saturated.
High-intensity summer thunderstorms in the Great Basin account for most of the runoff and sediment production from rangelands. Runoff is the major force initiating soil movement and transporting sediment. In order to manage rangeland watersheds effectively, factors influencing infiltration and sediment production need to be understood.
Infiltration and erosion on rangelands have been studied for some time. Review of the literature includes Chapline [1929] , Forsling [1932] , U.S. Department of Agriculture [1940] , Harper [1953] , Gifford [1968] , and Branson et al. [1972] . However, for Nevada rangeland there is practically no informatIOn on infiltration and sediment production or on the influence of dune interspace areas and associated vesicular horizons on infiltration and sediment production. The objective of this study was to determine which ground cover and soil parameters most influence infiltration and sediment production.
METHODS
Twenty-eight study sites were selected within five watersheds ( Table I) . Nine sites were located in the Duckwater Watershed, six sites in the Coils Creek Watershed, six sites in the Steptoe Watershed, and seven sites in the Pine and Mathews Canyon Watersheds. The watersheds were sampled at the following times: Duckwater and Steptoe, June I-July 15; Coils Creek and Pine and Mathews Canyon, July 16-September I.
Study sites were selected for their accessibility, repetition over large areas in the Great Basin, and vegetation and soil properties. Each site was located on a typical area with a different plant community and/or soil. Coppice dune is the area of accum ulation of litter and soil under shrubs and bunch grasses.
The infiltrometer and methods of application are described by Blackburn et al. [1974] .
In the Great Basin, summer thunderstorms usually occur on dry soil, although some occur on soil that is at or near field capacity. An application rate of 3 in./h for a duration of onehalf hour was applied to two antecedent moisture conditions, soil surface horizon initially air dry and soil surface horizon initially at field capacity. Basically, infiltration was defined for any point in time as the difference between total water applied and total runoff. Two types of runoff plots were used, i.e., 3 X 3 ft and variable. Regular plots were situated so the same mean Copyright © 1975 by the American Geophysical Union. percent coppice dune that occurred on the site also occurred in the plot. Variable plots were located to contain approximately 100% dune interspace area or coppice dune area. Variable plots were used only on sites that had obvious dune interspace and coppice differences. Each treatment was replicated 6 or 8 times.
Sediment production was determined from a 30-fluid-oz runoff sample and other sediment trapped in the collection apparatus. Suspended sediment was allowed to settle in the laboratory and the water drained off. Samples were ovendried, weighed, and converted to sediment in pounds per acre.
Plant cover and composition, litter, rock (1-2 in. and >2 in. in largest dimension), and bare ground on each plot were measured with a point frame [Levy and Madden. 1933] .
Coppice dunes w~thin the plots were measured in two directions, and the ellipse formula used to compute cover. Dune interspace areas were computed as the complement of coppice dune.
A soil profile description was made at each study site according to the procedures outlined by U.S. Department of Agriculture [1951, 1960] . Family-level identifications were made in accordance with the Soil Conservation Service [U.S. Department of Agriculture. 1960 , 1970 . The surface horizon (from the surface to some diagnostic subsurface horizon) was rated from I to 5 on the basis of structure and vesicular pores (Table 2) . Likewise, each soil was classified as to hydrologic group [U.S. Department of Agriculture. 1964] .
Bulk density and initial soil moisture content were determined by using the Troxler surface moisture-density gage. Bulk density was determined for surface 2-, 4-, and 6-in. depths of dune interspace areas and coppice dunes. Soil moisture before the dry infiltration test was taken concurrent with bulk density readings. To prevent plot disturbance, these readings were taken on areas adjacent to plots. In order to obtain soil moisture before the wet run an additional plot was sprinkled, covered with polyethylene plastic, and left for 24 hours before the moisture reading was taken. Particle size distribution of soil from each horizon, including surface dune interspace areas and coppice dunes, was measured by the hydrometer method [Bouyoucos. 1962] . Organic carbon content of soil from each horizon including surface dune interspace areas and coppice dunes was determined by a hightemperature induction furnace [Black. 1965] .
Each study site was classified as to its physiographic place-Location 30 airline mi south and east of Eureka, mostly in White Pine County, Nevada. Site, 100 mi' [Blackburn et al., 1968] .
Elevation
Highest peak is around 7300 ft and the basin outlet is 4800 ft.
32 airline mi northwest Highest peak is around of Eureka in Eureka 8400 ft and the basin outCounty, Nevada. Site, 48 let is 6500 ft. mi' [Blackburn et ai, 1969a] . 24 airline mi southeast of Ely in White Pine County, Nevada. Site, 45 mi' [Heinze et al., 1966] .
18 airline mi southeast of Caliente in Lincoln County, Nevada. Site, 66 mi' [Blackburn et al., 1969b] .
Highest peak is around 9081 ft and the basin outlet is 7100 ft.
Highest peak is around 6700 ft and the basin outlets are approximately 5600 ft. Single-grain sandy texture or well-aggregated granular structure without vesicular pores· 2 Granular or massive structure having few vesicular po rest 3
Massive or weak platy structure having common vesicular pores 4
Moderate platy structure having common vesicular pores, or massive structure having many vesicular pores, or clayey and weakly structured 5
Strong platy structure baving many vesicular pores, or clayey and massive ·Structures are defined as being granular (approximately spherical with no accommodation of faces to surrounding peds), platy (with vertical dimension small with regard to horizontal dimensions and faces accommodated with those of adjacent peds), or massive (no aggregation ).
tIn classes of pore abundance the number of units per area of surface was 1-3 for few pores, 4-14 for common pores, and more than 14 for many pores. A unit is defined as a square inch for fine, very fine, and micropores and as a square yard for medium and coarse pores. ment, i.e., mountain, smooth or dissected alluvial fan, or floodplain. Percent slope was obtained from an Abney level, and aspect from an 8-point compass. Surface roughness of each plot was determined with a microrelief meter as described by Kincaid and Williams [1966] .
RESULTS AND DISCUSSION

Infiltration
The following discussion is based on regression equations (Table 3) where the dependent variables are average infiltration rates by treatment at the end of 30 min. Dependent and independent variables and the mean and standard deviation of the variables appearing in the regression equations are given in Table 4 .
Duckwater Watershed. The regression equations for this watershed are (I) and (2) in Table 3 . Weighted percent silt is the most important variable explaining variation in infiltration. Plant cover and dune interspace areas are least important, the other variables being intermediate in their importance. 
Y3
Y4
Variable mean infiltration rate after 30 min, soil surface initially at field capacity log total sediment production, soil surface initially dry log total sediment production, soil surface initially at field capacity Coils Creek Watershed. Bare ground, dune interspace, weighted soil surface horizon morphological rating, and weighted percent silt of the surface horizon are the important variables in (2) and (3) ( Table 3 ). Dune interspace, however, is the most important variable. Weighted soil surface horizon morphological rating and percent silt of the surface horizon are intermediate in importance, and bare ground is the least important variable.
Steptoe Watershed. In (5) and (6) ( Table 3) , bulk density, bare ground, dune interspace, weighted soil surface horizon morphological rating, and weighted depth of soil surface horizon are the important variables. Dune interspace and weighted soil surface horizon morphological rating are the most important variables in determining infiltration.
Pine and Mathews Canyon Watersheds. Pavement, bare ground, dune interspace, litter, plant cover, roughness factor, and silt of the coppice dune differ in importance with the various treatments. In (7) ( Table 3) , silt of the surface horizon, coppice dune, and litter are the most important. In (9), dune interspace and pavement become the most important in determining infiltration.
Combined analysis. Data from the five watersheds were combined in order to develop some uniform equations that might be more generally applied (Table 3) .
In both equations, weighted soil surface horizon morphological rating is the most important variable in determining infiltration; dune interspace, percent organic carbon, and dune interspace are intermediate in importance, weighted clay fraction in the soil surface horizon being least important.
Many plant communities in the Great Basin are characterized by a shrub overstory and very sparse vegetation between shrubs. According to Duley and Kelly [1939] , infiltration rates of a site should be the same or very similar for different rainfall intensities as long as the terminal infiltration is exceeded. To demonstrate this, simulated rainfall was applied to dune interspace areas of the winter fat community at a rate of 3, Ii, 0.97, 0.57, 0.44, and 0.22 in./h. It was not until rainfall intensities of 0.57, 0.44, and 0.22 for air-dry soil and 0.22 for soil initially at field capacity occurred that infiltration rates dropped below a fairly constant terminal rate. This was not the case when coppice dunes and dune interspace areas were included in the study plots. Infiltration rate for the 3-in./h simulated rainfall was almost twice that of the li-in./h rainfall.
On variable plots coppice dunes displayed an exceedingly high infiltration rate, i.e., sometimes 3-4 times greater than the dune interspace areas and near or exceeding the application rate. Dune interspace areas exhibit a relative low infiltration rate (Figure 1) wheatgrass only) coppice dunes are significantly higher than those for corresponding dune interspace areas. Highest infiltration rates are in big sagebrush/crested wheatgrass and low sagebrush Sandberg bluegrass/squirreltail coppice dunes, and lowest rates occur in big sagebrush and low sagebrush/Sandberg bluegrass/squirreltail dune interspace areas. The only grass coppice dune sampled (big sagebrush/crested wheatgrass) had a significantly higher infiltration rate than its untreated big sagebrush coppice dune counterpart (big sagebrush/rubber rabbitbrush) ( Table 5 ). Rate at which water will enter a soil landscape is governed mainly by the extent and soil surface horizon morphology of the dune interspace areas (Figure 2 ). The big sagebrush community, Duckwater Watershed, is used to demonstrate this soil difference (Table 6 ). Dune interspace areas have a shallower surface horizon, a lower percent carbon, a higher pH, a higher bulk density, and a higher percent silt than the coppice dunes. Soil structure in dune interspace areas is moderate to fine platy as compared to weak fine granular in the coppice dunes. Dune interspace areas also have larger and many more vesicular pores in their surface horizon than the coppice dunes. These conditions account for more than 3 times higher infiltration rates on coppice dunes.
This relationship is further attested by personal observation after a high-intensity thunderstorm at Duckwater Watershed, July 22, 1970. This storm had an average intensity for the basin of 1.2 in./h, mostly as hail and rain. However, intensities within the watershed exceeded 4 in./h for short periods (John Trimmer, personal communication from records of Bureau of Land Management, Nevada State Office, Reno, Nevada, \970). Runoff was large, causing major downstream damage to the Duckwater Indian Reservation and to the watershed. After the storm, moisture had penetrated more than 8 in. in the coppice dunes and only 2 in. in dune interspace soil.
Vesicular horizon. Infiltration rates are negatively related to vesicular horizons (Figure 3) Means followed by the same letter are not significantly different (0.05) as determined by Duncan's multiple-range test. All comparisons are made within the two columns under each antecedent moisture condition (dry or field capacity).
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* The letters C, D, and M represent, respectively, Coils Creek, Duckwater, and Mathews Canyon.
relationship is dependent on vesicular horizon morphology.
Sudicial vesicular horizons develop in arid and semiarid areas of sparse vegetation cover. Yolk and Geyger [1970] observed in many warm-arid areas of the earth that there are patches free of vegetation distributed in a mosaiclike pattern, although the precipitation is sufficient for plant growth. These 'scalded areas' are not necessarily caused by overgrazing or soil salinity. They made extensive observations in southern Spain, Morocco, and southwest Africa and found near the soil surface a structure formation that they designated as 'foam structure' (vesicular porosity).
Miller [1971] studied vesicular pore formation under furrow irrigation in Washington and speculated that a platy structure develops first. Then, with continued wetting and drying, the pores between platelets became spherical and the spheres became larger. He also noted that all of the soil exhibited considerable swelling and shrinking with wetting and drying. The bulk density of the surface decreased with a number of wetting cycles. Miller concluded that soils involved in vesicular pore formation are very unstable when they are nearly saturated and the air pressure is sufficient to form the cavity between platelets into a sphere, thus achieving the smallest surface area per unit volume. More air is entrapped in the soil with each wetting and drying cycle. Then in wet, fluid soil, small vesicles merge into larger ones because the surface area per unit volume decreases as they enlarge. Vesicles remain air-filled during water application. This horizon develops in surface 2 or 3 in. of the soil. Soils involved in vesicular development are classified as Aridisols, Torrifluvents or Torriorthents. They have low organic matter and high percent silt-sized particles. These vesicular horizons are poorly aggregated and very unstable when they are nearly saturated.
Organic matter. Organic matter in the soil is the major cause of aggregation. It not only binds soil particles into aggregates but lightens and expands the soil, thus increasing the porosity and decreasing vesicular horizon formation. Infiltration is positively related to organic matter except for a few juniper coppice dunes where hydrophobic soils occur.
Bulk density. Coppice dunes consistently have a lower bulk density than dune interspace soils. However, dune interspace soils with vesicular porosity exhibit a lower bulk density than dune interspace soils without vesicular porosity. Infiltration rates of soils without vesicular horizons decrease as bulk density increases. On soils with a vesicular horizon, infiltration rates decrease as bulk density decreases.
Texture. Silt and clay-sized particles are negatively correlated with infiltration rates. Sand-sized particles are positively related to infiltration. Generally, the coarser the surface texture, the higher the infiltration rate. Of the three particle sizes, percent silt of the soil surface horizon has the strongest influence on infiltration because of vesicular horizon formation in: soils high in silt.
Surface horizon depth. Thick surface horizons are found in highly productive soils and in coppice dunes; i.e., coppice dunes are 1-4 in. thicker than interspace soils. Infiltration rates increase as the surface horizon increases in thickness.
Moisture. Infiltration rate was lower on soils that were initially at field capacity than on those that were initially dry. The higher the initial moisture content, the more micropores that are filled and the lower the infiltration rate. Infiltration rates are usually negatively related to antecedent moisture content.
Plant and litter cover. Plant and litter cover are both positively correlated with infiltration; however, their influence is not as strong as has been shown in other studies [Dortignac and Love, 1966; Rauzi et al., 1968; M eeuwig, 1970] . In this study, vesicular horizon and dune interspace areas were more important in explaining infiltration than plant and litter cover probably because of the sparse cover of vegetation in the interspace areas and the kind of soils.
Rock. Study sites were characterized by a very low cover of large rocks (>2 in. in largest diameter); thus rock showed a poor correlation with infiltration. However, as small rocks (1-2 in. in largest diameter) increased on the sites, infiltration rates decreased. This latter relationship is explained by the large percent of small rocks associated on the surface of soils with vesicular horizons.
Bare ground. Infiltration rates were strongly negatively correlated with bare ground. This is consistent with findings of Duley and Domingo [1949] , Branson and Owen [1970] , and many others.
Slope. Percent slope shows a positive correlation with infiltration rates and indicates that as slope increases, so does infiltration rate. Actually in this study, slope had very little influence on infiltration rates. Most study sites were characterized by very gentle slopes except in the mountains where sites on steeper slopes have high infiltration rates. The correlation, then, is due to different soils and not to slope.
Surface roughness. Surface roughness shows a weak positive correlation with infiltration and indicates that an irregular surface may increase infiltration rates slightly. This poor correlation is probably due to the fairly level relief of the study area. 
Sediment Production
The following discussion is based on multiple regression equations (Table 3) where the dependent variables are common logarithms of sediment production at the end of 30 min. The mean and standard deviation of the independent variables in the regression equations are given in Table 4 . Equations developed from data where the soils were initially at field capacity usually had the lowest standard error of estimate and the highest R2 values.
Runoff, as the only independent variable, is highly correlated with sediment production. However, when runoff was included in the multiple-regression equations, it failed to improve the standard error of estimates or R2 values. The reason for this relationship is that the same factors often influence infiltration and sediment production. Thus runoff does not appear in regression equations.
Duckwater Watershed. Bulk density, bare ground, soil surface horizon morphological rating, weighted sand, and weighted silt fraction of the surface horizon are the important variables explaining the variation in sediment production in (II) and (12) ( Table 3) . Soil surface horizon morphological rating is the most important variable explaining sediment production, and weighted silt fraction the least important.
Coils Creek Watershed. Bulk density, bare ground, dune interspace, weighted organic carbon, weighted sand, and weighted silt fraction of the soil surface horizon are the important variables (Table 3) . Dune interspace is the most important variable in determining sediment production, and weighted sand fraction the least important.
Steptoe Watershed. Bulk density, dune interspace, litter, weighted organic carbon, weighted sand, and weighted silt fraction of the surface horizon are the most important variables in (15) and (16) ( Table 3 ). Weighted organic carbon and weighted silt fraction in surface horizon are the most important variables explaining the variation in sediment production, and dune interspace and litter the least important.
Pine and Mathews Canyon Watersheds. Bulk density, bare ground, dune interspace, soil surface horizon morphological rating, weighted sand, and weighted silt fraction of the surface horizon are the important variables for these watersheds. Bulk density and soil surface horizon morphological rating are the most important variables explaining sediment production, and dune interspace and weighted silt fraction of the surface horizon the least important.
Combined analysis. Because of the high standard error of estimates and low R2 values for the combined data analyses the equations are not presented.
Sediment is usually considerably higher from dune interspace areas than from coppice dunes. This relationship held true except for the big sagebrush/rubber rabbitbrush community. Sediment produced from dune interspace areas of the three communities sampled at. Coils Creek Watershed is significantly higher than it is from corresponding coppice dunes (Table 5) . Variations in sediment production from coppice dunes and dune interspace areas range from none to as much as 46 times more sediment from big sagebrush/Sandberg bluegrass/diffused phlox community dune interspace areas than from their corresponding coppice dunes. As dune interspace areas increase, sediment production increases. Similar relationships also are observed for percent bare ground and percen t sil t.
Significantly more sediment is produced from soils initially at field capacity than from those initially dry because of the instability of the surface horizon when it is saturated. The soil surface reaches saturation quicker on the wet test; thus there is a longer time to erode the dispersed soil particl.es. In this way, initial moisture content shows a positive correfation with sediment. This relationship is most marked for soils with a vesicular surface horizon.
As organic matter, sand-sized particles, coppice dunes, and litter increase on the study sites, sediment production decreases. Plant cover was poorly correlated with sediment production and does not appear in regression equations. Roughness factor is slightly negatively correlated with sediment production. As bulk density ofthe surface 4 in. increases, sediment production usually increases except on sites with vesicular horizons where bulk density is negatively related to sediment production.
The large variation in sediment production can be explained by the gentle slopes which allow detached and suspended soil particles to settle out in the small depressions before they reach the collection trough and the location of coppice dunes and dune interspace areas. Coppice dunes have a lower rate of sediment production than dune interspace areas. Thus the amount of coppice dune in the plot, if not constant, would influence sediment production. Likewise, suspended sediment was seen to settle out along the coppice dune edge. This effect was magnified the closer the coppice dune was to the collection trough.
